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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    ก4     reducing sugar #%Yield +,$กก'กก16% ,+3!8-, #
+3!8- #- CaCl2 ,(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+3!8- ,('ก	+3!Amyloglucosidaserrrrrrrrrrrrrrrrr.63 
   1     reducing  sugar #%Yield +,$กก- PEG # DMSO 
$$ 0%, 2.5%, 
5.0%, 7.5% # 10.0% ,('ก	+3!8-rrrrrrrrrrrrrrrrrr...65 
   2     reducing sugar #%Yield +,$กก- PEG400, PEG600, PEG2000 # PEG4000 

$$ 0%, 2.5%, 5.0%, 7.5%, 10.0%, 12.5% # 15.0% ,('ก	+3!8-
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr66 
   3    reducing  sugar  #%Yield  +,$กก- PEG200, PEG400, PEG600, PEG1000, 
PEG2000, PEG4000 # PEG6000 
$$ 0%, 10%, 20%, 30%, 40%, 50% # 60% ,(
'ก	+3!8-rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr...68 
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    4   reducing sugar #%Yield +,$กก- PEG200, PEG400, PEG600, PEG1000, 
PEG2000, PEG4000 # PEG6000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 
35.0% ,('ก	+3!8-rrrrrrrrrrrrrrrrrrrrrrrrr..70 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 s 
& 
8                 $ 
   1      reducing sugar +,$กก'กก 4%, 8%, 12%, 16%, 20%  # 24% ,
+3! Termamyl # Amyloglucosidaserrrrrrrrrrrrrrrrrrrrrrrrr.23  
   2      reducing sugar +,$กก' 0.1% amylopectin ,+3! Termamyl, Amyloglucosidase 
# Amylaserrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr.rr24 
   3      reducing sugar +,$กก'กก16% ,+3! Xylanase, Hemicellulase, 
Cellulase # Pullulanase ,+'- 2mM CaCl2 #('ก	+3! Termamyl # 
Amyloglucosidaserrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr.r26 
   4      reducing sugar +,$กก'กก16% ,+3! Xylanase, Hemicellulase, 
Cellulase # Pullulanase ,- CaCl2 #('ก	+3! Termamyl # Amyloglucosidaser26  
   5     ก		 CaCl2 -'ก(+3! Xylanase #('ก	+3! 
Termamyl # Amyloglucosidaserrrrrrrrrrrrrrrrrrrrrrrrrrrrr27  
   6     ก		 CaCl2 -'ก(+3! Hemicellulase #('ก	+3! 
Termamyl # Amyloglucosidaserrrrrrrrrrrrrrrrrrrrrrrrrrrrr27  
   7     ก		 CaCl2 -'ก(+3! Cellulase #('ก	+3! 
Termamyl # Amyloglucosidaserr...28  
   8     ก		 CaCl2 -'ก(+3! Pullulanase #('ก	+3! 
Termamyl # Amyloglucosidaserrrrrrrrrrrrrrrrrrrrrrrrrrrrr28  
   9      reducing sugar +,$กก'กก16% ,+3!8-, #+3!8-
 #- CaCl2 ,('ก	+3! Termamyl # Amyloglucosidaserrrrrrrrr...29  
  10    specific activity +3! Cellulase #Amyloglucosidase %8 30, 40, 50, 60, 70, 80 # 90 
933rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr30  
  11     reducing sugar +,$กก'กก16% ,+3!8-, #+3!8-
 #- CaCl2 ,('ก	+3!Amyloglucosidaserrrrrrrrrrrrrrr..r31 
  12    -ก2(&-!&<! S. cerevisiae L3109 %8 15- 35 933rr.r32         
  13    #,-ก2(&-!&<! S. cerevisiae L3109 
' pH 2.5-5.0rrrrrrr..33         
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  14    reducing sugar +,$กก'กก16% ,- PEG4000 
$$ 0%, 
2.5%, 5.0%, 7.5% # 10.0% ,('ก	+3!8-rrrrrrrrrrrrrrrr34 
  15    reducing sugar +,$กก'กก16% ,- DMSO 
$$ 0%, 2.5%, 
5.0%, 7.5% # 10.0% ,('ก	+3!8-rrrrrrrrrrrrrrrrrr..35 
  16    ก2-!&<! S. cerevisiae L3109 ,-PEG400 
$$ 0%, 2.5%, 5.0%, 7.5% 
# 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrrrrrrr...r.rr36 
  17   ก2-!&<! S. cerevisiae L3109 ,-PEG600 
$$ 0%, 2.5%, 5.0%, 7.5% 
# 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrrrrrrr...rr.r36 
  18   ก2-!&<! S. cerevisiae L3109 ,-PEG2000 
$$ 0%, 2.5%, 5.0%, 7.5% 
# 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrrrrrrr...rrr..37 
  19   ก2-!&<! S. cerevisiae L3109 ,-PEG4000 
$$ 0%, 2.5%, 5.0%, 7.5% 
# 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrrrrrrr...rrr..37 
  20   ก2-!&<! S. cerevisiae L3109 ,-PEG6000 
$$ 0%, 2.5%, 5.0%, 7.5% 
# 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrrrrrrr...rrr..38 
  21   ก2-!&<! S. cerevisiae L3109 ,-DMSO 
$$ 0%, 2.5%, 5.0%, 7.5% 
# 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrrrrrrr...rrr..38 
  22   ก2-!&<! S. cerevisiae L3109 ,-PEG400 1#'
!	 
$$ 0%, 
2.5%, 5.0%, 7.5% # 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrrr...39 
  23   ก2-!&<! S. cerevisiae L3109 ,-PEG600 1#'
!	 
$$ 0%, 
2.5%, 5.0%, 7.5% # 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrrr...40 
  24   ก2-!&<! S. cerevisiae L3109 ,-PEG2000 1#'
!	 
$$ 
0%, 2.5%, 5.0%, 7.5% # 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrr40 
  25   ก2-!&<! S. cerevisiae L3109 ,-PEG4000 1#'
!	 
$$ 
0%, 2.5%, 5.0%, 7.5% # 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrr41 
  26   ก2-!&<! S. cerevisiae L3109 ,-PEG6000 1#'
!	 
$$ 
0%, 2.5%, 5.0%, 7.5% # 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrr41 
  27   ก2-!&<! S. cerevisiae L3109 ,-DMSO 1#'
!	 
$$ 0%, 
2.5%, 5.0%, 7.5% # 10.0%rrrrrrrrrrrrrrrrr....rrrrrrrrrrrr...42 
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  28    reducing sugar +,$กก'กก16% ,- PEG400, PEG600, PEG2000 # 
PEG4000 
$$ 0%, 2.5%, 5.0%, 7.5%, 10.0%, 12.5% # 15.0% ,('ก	+3!8-
rrrrrrrrrrrrrrrrr....rrrrrrrrrrrrrrrrrrrrrrr43 
  29    reducing sugar +,$กก'กก16% ,- PEG200, PEG400, PEG600, 
PEG1000, PEG2000, PEG4000 # PEG6000 
$$ 0%, 10%, 20%, 30%, 40%, 50% # 60% ,
('ก	+3!8-rrrrrrrrrrrrrrrrr....rrrrrrrrrrrr44 
  30    reducing sugar +,$กก'กก16% ,- PEG200, PEG400, PEG600, 
PEG1000, PEG2000, PEG4000 # PEG6000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 
30.0% # 35.0% ,('ก	+3!8-rrrrrrrrrrrrrrrrr....rr...45 
  31   ก2-!&<! S. cerevisiae L3109 ,) $+,$กก- reducing sugar ก 
PEG1000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%rrrrr....rr..47 
  32   ก2-!&<! S. cerevisiae L3109 ,) $+,$กก- reducing sugar ก 
PEG2000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%rrrrr....rr..47 
  33   ก2-!&<! S. cerevisiae L3109 ,) $+,$กก- reducing sugar ก 
PEG4000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%rrrrr....rr..48 
  34   ก2-!&<! S. cerevisiae L3109 ,) $+,$กก- reducing sugar ก 
PEG6000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%rrrrr....rr..48 
  35    +,$ก-!&<! S. cerevisiae L3109 ,) $+,$กก- 
reducing sugar ก PEG1000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%..50 
  36    +,$ก-!&<! S. cerevisiae L3109 ,) $+,$กก- 
reducing sugar ก PEG2000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%..50 
  37    +,$ก-!&<! S. cerevisiae L3109 ,) $+,$กก- 
reducing sugar ก PEG4000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%..51 
  38    +,$ก-!&<! S. cerevisiae L3109 ,) $+,$กก- 
reducing sugar ก PEG6000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%..51 
  39   (- reducing 78ก) $ก-!&<! S. cerevisiae L3109 )+,$กก- 
reducing sugar ก PEG1000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%..52 
  40   (- reducing 78ก) $ก-!&<! S. cerevisiae L3109 )+,$กก- 
reducing sugar ก PEG2000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%..52 
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  41   (- reducing 78ก) $ก-!&<! S. cerevisiae L3109 )+,$กก- 
reducing sugar ก PEG4000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%..53 
  42   (- reducing 78ก) $ก-!&<! S. cerevisiae L3109 )+,$กก- 
reducing sugar ก PEG6000 
$$ 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% # 35.0%..53 
  43   ก2-!&<! S. cerevisiae L3109,  #(- reducing )
+,$กก- reducing sugar ก PEG4000 
$$ 15%rrrrrrrrrrrr....rrr..54 
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	 
@+?:)ก8ก
+&Q	' 
)!+8/		กG?'	ก?'2	!5	ก%
@ก
.)+&P	ก8ก 
(Green House Effect)  
	9)	5 (
& 8(8K+ 
)
)
5)ก@92!)	2	
.)ก&+	()'&	89 ก
).ก0I.+)0
%
 8	@
 +	
 19 ก		 2543 	9 	!2	กก .)ก@9กH'
8ก(!(2!0>	!5(9) .2ก
)#&ก0+)5)กก
	+)!9 ?:)
ก
)#&ก/&)+)5)กก
	+)!9 	
 16 # 2543 . 
0ก
)#&ก 0>	0$	 @K/	ก&/	ก)	%Wก98#&ก 0>	กก
*	#ก 	 2	ก0!#	
 26 $	 2543 9 	!	
)ก&+)&9
&	&	#	ก@9ก2!
	0>	!5(9) 
ก
)#&ก&	 2	ก	58
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&	&	#	2Pก!	)
#	85).))	@9
	0>	!5(9) 2ก
)กW&ก'
ก/	@	ก@9	&/0) ()&)กก)
#	@9
	  
 
4. = $ก	 
%:กW0=88
@+ก+&01)?K.& 	?'&+กก
/)	*) 
&' S.cerevisiae ((-		@9
	8กกก	&/0).2!&'&(	$#'
&Q
2@@9
	&K)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 2 
		
ก		 
 
กกก	
	

ก 
!
ก"#$#% & #(

ก$)

ก
*+,กก)-./ 0,กก-
)1&
0,. - ,-
2
ก )03 
2545-2549 ก,(ก- ,.ก+& - ,
ก0,*+,กก
$)) 
-./ (9

 18 ()
 2545 - ,ก0,*+,<
(9 14 =* 2545 >0


	. (
  
!  
1. 9(.,.ก
(0@
	 (
 ก*9 
0,.  #
0+/
(ก
 0,+ 4  

 /03 	 (
 >0,+ 2  
  
/
  
2. กก
! 	
(0@
	 (
 >(A,/
(. 9กก$* #
0,+ 0.8  

 /03  (
 >0,+ 600,000   /
  
3. ก)(0@
	 (
 >/(., (,0+ก ))>/()ก
*ก.ก
!   
.กก (molasses) (0@
 +N&(. 9กก,
ก 
! )ก9.*
.
 (/
 ) .
.
 (sugarbeet) (0@

 0+ก กก
! $ ก0,+ 125-
130  

/03 0,+ 2 
3 >กก)- ,(. 90,+ 25% >ก.
.
  
กก
! ,
>0(0@
..ก.ก. )
 (. 9,
>0(0@
.!*
- ,& 
กก
! 0,+ 75%  ก0,(.<(ก- ,((#) กก
! (0@

! >/	ก ก
> -V>//
!  - ,(*/W !
)&- ,

)&

! 
$)กก
! ,>กก,
ก0+ก	ก/ 33% 	!
 กก
! >ก
),
! X	 48% (9()กกกก.,>/
! ( ) .กก
! >ก)#
)X/(0@


ก- ,*	Xก 	
(0@
..ก( !)(9!)&
ก,
ก.ก(

 >$) #/ก
0,. /
ก,
ก Saccharification (9(0 )
-0_.(0@
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! ก/
 
กก
!กก
! ).9
W(0@
/ก.ก (/
 >
$(
ก0,+ 1% 
- ,-/1Wก

ก (http://www.suga-lik.com/molasses/ composition. html) 
กX ก /
-.(.V
/ 0,(>)ก)

	)/()
	 (
 >(ก9 3  
 /
 $)>/ก))9!
(,0 Xก #ก(ก
*ก
(
 
,),-ก*/,>/(ก
 1  
 /
  

ก*+
!
(9!(  ก1ก 
 (ก,()
ก*) >)
>/ (
 
(0@
 Oxygenated 
.
#	-
 Methyl Tertiary Buthyl (MTBE) > 
0m

!

(
#
ก(
 95  MTBE 
0+) , 5.5-11.0 $)0 ก
((
 


!
(
#
,.*+
!
(
#
(0 )
-0 >0ก( *9 */*
>X!
0,+ 1 
psi .9 6.9 Kpa (9(
 ) , 10 */+.Xกก 
0) , 50    *+
ก
ก
!  - ,,.ก
!
(9!( !
(0 9ก!
 (1-2%) (
9ก*/ Heating Value 
  

!
ก"#$#% & *9 
!
(
#
(
  (*1q) , 99.5 !
>0) .
0,(>) ก,()
ก*>ก.
*+
!
ก"#$#% & -)กกก
!
(
#
 */
*
>>/Xก/ 65 ก$ 0*  (Kpa) +.Xกก 
0) , 50 >/ก/ 65 - ,>/X
ก/ 110 (# (#) - ,.ก(
 >
0+) , 10-12 $)0 
03 2544 
0,(>)ก(
#
ก(
 95 
0+ 3,000  
  
( MTBE 
0+ 187.464 
 
  $)*(A )0,+ 11.44  /  
!
 .ก(
 -
 MTBE >!. 
	0,.)(
>0,+ 2,144  
 -/ (
 >>/
)ก/03 , 300  
  ,
()ก*ก 
/
!
X - ,.
/)(
 ()) >-ก/ $*ก/
,*&

  - ,$

-	
))&- ,(*$
$ )-./0,(>) /
X*

!
ก"#$#% & >-ก/  0. ก (.
) - , ก0r$( ) ก (.
) $)0+
.
/)()(9
 , 100,000   (/
!
 (
9ก0+(
  >)>/ก
ก *
.ก)
)
&>) 
03 2544 >X 	)
&/ W 	ก"#$#% &(0@
(9!( 
ก.
*+
!
(
#
ก(
 95 0,ก( (ก/
0,กA 21  * 2545) / 
(A,	)
&/
(ก/,*&X((& >/	ก"#$#% &(0@
(9!( -
(
#
ก(
 95 >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กก0,*+,<
(9
 30 กกs* 2545 >
ก!$
 
- ,.
/)(
 X0,กก! 8 ) (
*+,กก
$)) 
-./ 

!  
1.  	
  ก  ก (/(9 .,
*)1) 
 (
  99.5 (0&(#V
& ก ก >/(ก
 25,000  /
 กก
! .9

0,. (0@
	  
2.  . ..  ก ( 
"#$ก %" ก) (*  .

**&  (
 *1q- ก% & 99.5 (0&(#V
& ก ก >/
(ก
 150,000  /
 กก
! (0@
	 
3.   ก $'( ) ก (
.ก
*
&-

() 0&* (
*/) .,)!  (
  99.5 (0&(#V
& 
 ก 
ก >/(ก
 500,000  /
 
0,. (0@
	 
4.   $ * ก (
 .
*0< !.
/) ((
$
 
- ก% &)X/( (9 (
  99.5 (0&(#V
&  >/(ก
 100,000  /
 - ,
กก
! (0@
	 
5. 
"+	  ก .)X .9
-ก/
  (
  99.5 (0&(#V
& 

ก ก >/(ก
 130,000  /
 
0,. (0@
	 
6.  ,ก- ก (
! .
-ก/
  (
  99.5 (0&(#V
& 

ก ก >/(ก
 85,000   /
 กก
! .9
0,. (0@
	 
7.  ./ % ก (>  .
**&  (
  99.5 (0&(#V
& 
 >/(ก

 , 212,000  /
 
0,. (0@
	 
8.  
" 		 ก 
*.ก) (&
 
() 0&* 
(0 ก- .,)  (
  99.5 (0&(#V
&  >/(ก
 300,000  /
 
- ,
0,. (0@
	 
 0,1
กก(
 -./ >
t!$
 (
 (9(0@

(9!( .-ก/X>
t! 8 )-  (9
 14 .* 2545 $)X>
t! 8 ) ,
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0u(ก(
$*ก #>)9
>0,ก*+,กก(
 -./  
 
20 กกs* 2544  

กกX0,กก

 20 ) >
.(

ก!$
 (
 (0@

(9!(  #
ก ก ก
!!
 6  
  /
 .
!
$#% & #.)	 
!

(# - ก% & 
ก
!
$#% &,(
 *1q) , 95 (Hydrated 
Ethanol) .9Xก/) , 99 (Anhydrous Ethanol) ก
!
(# .
(V -/ก(
-/0,( Emulsifier (9/).(
  , )(0@
(
9!()ก
!
(# .
(V ก(
 


!
(# .
(V.*+(*- ,wrก&
!
(# .
(V(0 )
>0 *t>-ก/ */
#(

(& (Cetane Number)    - ,>w
!
$#% &*/ก/
!
(# .
(V 

!
 ()*/#(

(&$)ก((-/0,((#(
 (Cetane Improver)  >0(9
(*/#(

(&- ,((-/0_ก
กกก/
 (Corrosion Inhibitor) (90_ก
.A
(9!( กก/
 	
)- ,2
 0. >ก
!
$#% &ก	$) ก. / 
	 *
>0,+) , 30-40 -/!
(0 9
!
(9!( ก!
0,+) , 7-9 
ก
1ก 
 (ก,()
ก*) )>/>ก0,กก.
*+
!
$#% & (X  + 
 
25  * 2545)  
ก /-  (
  (ethanol) .9 ( - ก% & (ethyl alcohol)  ก9 (/
 

0,.  ) - ,กก
!  
ก,
ก  .ก	0,(-0_ - ,(#  X$  ,

)/).(0@

! ก/
 $)กก -*() .9(V
>#& /
	(0@

! 	

.กก(9!)&>( ) ( 
ก.ก0,+ 3-4 
 (ก+(0@
ก.ก-* .ก.ก
-/(
9,( 
)ก/
!) ,>- ก% &*(
0,+) , 8-12 $)0 ก
!


>0ก 
-)ก- /
 ,>- ก% &*(
) , 95 $)0 
ก+

(0@
(9!( ก"#$#% & - ,$#% & ,-)ก/

!กก0,+) , 5 $)0 $)
1กก 
ก .9-)ก)(*9$( ก*X w (molecular sieve) .9(*9-)ก,(
(
 $

- - ก% &ก	
0,. 	
)&- ,(*$
$ )-./
0,(>) !

ก (
 >
!)1กก 
ก - ,ก ก 
 , 
1,500   $).
0,.  
 ,0,+ 10 
 0+
0,. (9(0@
	 (

  
03 2544 0,(>)ก(
#
ก(
 95 
0+ 3,000  
   (
 >
>/
)ก/03 , 300  
  () , 10) ,()ก*ก 
0,. 

 6 ก$ ก 
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	 (
 > 1   
!
 
0,. .

 1.8  

 (9 (
  
.(
#
ก(
 95 9(
9กกก*/0,(
(0uก )1&

0,. (9ก2
-))9
 + $- )  * (
 (9
 6 =ก)
 2545 )

ก00
1&
0,. (9ก (
   / 0+(
 >!
)X/ก0+-0_

. 
1&.0+-0_
.X (9.ก- ,>0+(
 X) - ,กก 
/ก
,./X
)&)9>/,) 	
)9>/ กก(ก - ,	
))&- ,
(*$
$ )-./ / 
(
>ก
0,. )
1& 199 )(กV(ก) 18 (9
 (0@
	
(.,กก (
   
 
	
	กก (Yeast in Fermentation Process) 
!
0,. - ,กก
! ,	Xก(0@
-. /. 

X0
! ก(#  &)& 9>
ก-/ ,-. /,*+-ก/ก
*+9!

0 Xก9 ก(กV(ก) ก,
ก
  - ,ก,
ก(กVกก
! -./ก((*  
)ก(กVก .ก
กก
! (กV>

. )W(9
,.
! # 
) >  
(http://www.praj.net/Worldethanolsynopsis.htm) )/>กV กก
! ก).
 
(/
ww - ,ก/
ก
กก
! >0.ก
!
 (0@
(9.*.
0,+ 25oBrix 
.9(9)
!กก/ 3 (/ )..(0@
/ก(t(9!)&
) >0ก #กV
(/
()กก
0,.   
Win - ,ก (1996) >ก*/ 
 &ก(t)& S. cerevisiae 
	.ก
 
batch/ก( !))
! ก X$*>ก)/)-0_
0,. ,>(#  &กก/ก( !))
กก
! 	 20% - ,(9.ก- fed-batch /
! ก X$*)> yield (#  &Xก/- ,1
!กV> 
yield Xก/ก( !)- batch (/
ก
 )/>กV*+, Win ก(A,ก (#  &>/>กก
 - ก% & Shimoda - ,ก (1997) >กกก
-0_.(9! koji (9 (ก
 Shochu 

,ก#ก (citric acid) /ก#ก*(
 0.25%,	(/ก(t(9! 
Aspergillus kawachii - ,.ก,
ก (ก(Vก)!
 
กกกกก
! - ,1tt9
-  ก
~
กV	 - ก% &> 0.28 ก- ก% &/ก-0_ 
	.ก$)(9! 
Aspergillus awamori  (Kobayashi et al., 1998) )/>กVก
~(0@
!
ก ก

0,0

.(ก(1
 ( Vก
) 
กกก(9!ก / Aspergillus spp. -  Rosenblitt - ,*+, (2000) 
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>(9! Monascus purpureus 	 ->.ก- solid substrate (9ก.*
 )&- ,(*,.&ก*&$>%(- ,ก#(

ก *&
>ก>#&- ,- ก% & 
)*+)&>0,(t>+.X 25-30o# 
ก)&))*
-)ก(9!)&


 Szczodrak - , Targonski (1988) >ก-)ก)&> 58 )
1& 0,ก) 
12 genera 	(t>
+.XXก/ 40o# - ,/ Kluyveromyces 	(t> 46o# 
	.ก.(
 >$)-0_-/0+(
 >ก >/(.,.(+)& / 
Kadar - ,*+, (2004) >
(9!)& Kluyveromyces marxianus  ./ก),ก$
ก, 
(9)/)-0_.(0@
(
  /. yield (
 ((0@
 0.31-0.34 ก/ก - , (
 >
() 1.2-1.8% (w/v) +.X 40o# #).0+(
 
)ก 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3 
	กก 
 
3.1  กกกก  
 กก	
 
 250   
!"#$%& 70 ())*  12 
	" !,ก-.//0.ก!กก	
*,0.	 !"11

-	 	*1
!" 1 
 
! 1 *2ก-.//0.ก!กก	
*,0.	 
ก 	ก 
1.  
  ก
ก, 2547 
2. 6 ก
ก, 2547 
3. 0
 ก
ก, 2547 
4. 	
 ก
ก, 2547 
5. /8 ก
ก, 2547 
6. 0: ก
ก, 2547 
7. *
1 ก
ก, 2547 
8. .* Hoover and Ratnayake, 2001 
9. .I
 Hoover and Ratnayake, 2001 
10. 
 , reduce Bernfield, 1955 
11. )&* Ritter, 1929 
Sun .$., 2004 
12. ก

 Aldaeus .$., 2010 
13. 8)&* Mitchell and Ritter, 1940 
Sun, 2004 
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3.2  ก#ก$%$&'(กก #&)*#$(+),- 
3.2.1  กก))กก(ก. ! Reducing sugar *#$(+),- 
Termamyl &  Amyloglucosidase 
 กก	
 
 250   
!"#$%& 70 ())*  12 
	" 0 4%, 8%, 12%, 16%, 20% . 24%,	 	-ก
	 

 , 10 100% 
,
กก	
!".
 1
&#$%& 90 ())* 0V
 1 	" -ก
	 
-W

)/ Termamyl 0 1  
,0!"Z 200 rpm #$%& 70 ())* 0V

 3 	" "ก,
-W
)/ Amyloglucosidase 0 1  
,0!"
Z 200 rpm #$%& 37 ())* 0V
 3 	" -W
,	!"0	0$ 
reducing sugar 0!ก	##  0$กก	
.
!"ก
)/   
 
 3.2.2  กก.  Co-Enzyme &  pH !%ก,- 
*. 2mM CaCl2 . acetate buffer pH 5.0  #ก! #!" 1 
*. 2mM CaCl2  #!" 2  acetate buffer pH 5.0  .#!" 3  2mM CaCl2 1
 
acetate buffer pH 5.0 0!ก	## 
 , 
,กก	
1
&#$%& 90 ())* 
0V
 1 	" -ก
	 

,0(Wก_ก	
)/.
  Termamyl, Amyloglucosidase .Amylase 
2./ Bernfield method I"0$ reducing sugar  
 
3.2.3  กก$$. ก! Co-Enzyme(CaCl2) & ,%! Co-Enzyme !%
	HI(ก. ! Reducing sugar ,- Xylanase, Hemicellulase, Cellulase &  
Pullulanase  
 กก	
 
 250   
!"#$%& 70 ())*  12 
	" 0 16% #ก!0V
 2 ก#  ก#!" 1 
 , (A1-G1) .ก#!" 2
 ,!" 
2mM CaCl2 (A2-G2) 
,กก	
1
&#$%& 90 ())* 0V
 1 	" -ก
	 
-W

)/*&"  Xylanase, Hemicellulase, Cellulase . Pullulanase  
,0!"Z 200 
rpm #$%& 40 ())* 0V
 3 	" "ก,
-W
)/ Termamyl 0 1 
 
,0!"Z 200 rpm #$%& 70 ())* 0V
 3 	" "ก,
-W

)/ Amyloglucosidase 0 1  
,0!"Z 200 rpm #$%& 37 (
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))* 0V
 3 	" 
,	!"0	0$ reducing sugar !" 3, 6 . 9 	"
0!ก	##  0$กก	
!"ก
)/ (Control)  
 
! 2 *	 

ก
)/ 1
กกก	
 
+M#ก#  N!ก!,- 
Control 1. 
)/ !" 40 ())* 0V
 3 	" 
2.  Termamyl !" 70 ())* 0V
 3 	" 
3.  AMG !" 37 ())* 0V
 3 	" 
A1,A2 1. 
)/ !" 40 ())* 0V
 3 	" 
2.  Termamyl !" 70 ())* 0V
 3 	" 
3.  AMG !" 37 ())* 0V
 3 	" 
B1,B2 1.  Xylanase !" 40 ())* 0V
 3 	" 
2.  Termamyl !" 70 ())* 0V
 3 	" 
3.  AMG !" 37 ())* 0V
 3 	" 
C1,C2 1.  Hemicellulase !" 40 ())* 0V
 3 	" 
2.  Termamyl !" 70 ())* 0V
 3 	" 
3.  AMG !" 37 ())* 0V
 3 	" 
D1,D2 1.  Cellulase !" 40 ())* 0V
 3 	" 
2.  Termamyl !" 70 ())* 0V
 3 	" 
3.  AMG !" 37 ())* 0V
 3 	" 
E1,E2 1.  Pullulanase !" 40 ())* 0V
 3 	" 
2.  Termamyl !" 70 ())* 0V
 3 	" 
3.  AMG !" 37 ())* 0V
 3 	" 
 
 3.2.4  กก$$	HI,-P!#$ & ,-P!. (ก. ! 
Reducing sugar ,- Xylanase, Cellulase &  Pullulanase 
 กก	
 
 250   
!"#$%& 70 ())*  12 
	" 0 16% 
 ,!" 2mM CaCl2 
,กก	
1
&#$%& 90 ())* 0V
 1 
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	" -ก
	 
-W
)/*&".*&h*  Xylanase, Cellulase, Pullulanase, 
Xylanase:Cellulase(1:1), Xylanase:Pullulanase(1:1), Cellulase:Pullulanase(1:1) . 
Xylanase:Cellulase:Pullulanase(1:1:1) 
,0!"Z 200 rpm #$%& 40 ())* 0V
 
3 	" "ก,
-W
)/ Termamyl 0 1  
,0!"Z 200 rpm 
#$%& 70 ())* 0V
 3 	" "ก,
-W
)/ Amyloglucosidase 0 1 
 
,0!"Z 200 rpm #$%& 37 ())* 0V
 3 	" 
,	!"0
	0$ reducing sugar !" 3, 6 . 9 	"0!ก	##  0$กก	
!"
ก
)/(Control)   
 
! 3 *	 

ก
)/ 1
กกก	
 
+M#ก#  N!ก!,- 
Control 4. 
)/ !" 40 ())* 0V
 3 	" 
5.  Termamyl !" 70 ())* 0V
 3 	" 
6.  AMG !" 37 ())* 0V
 3 	" 
A 4. 
)/ !" 40 ())* 0V
 3 	" 
5.  Termamyl !" 70 ())* 0V
 3 	" 
6.  AMG !" 37 ())* 0V
 3 	" 
B 4.  Xylanase !" 40 ())* 0V
 3 	" 
5.  Termamyl !" 70 ())* 0V
 3 	" 
6.  AMG !" 37 ())* 0V
 3 	" 
C 4.  Cellulase !" 40 ())* 0V
 3 	" 
5.  Termamyl !" 70 ())* 0V
 3 	" 
6.  AMG !" 37 ())* 0V
 3 	" 
D 4.  Pullulanase !" 40 ())* 0V
 3 	" 
5.  Termamyl !" 70 ())* 0V
 3 	" 
6.  AMG !" 37 ())* 0V
 3 	" 
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! 3 () 
+M#ก#  N!ก!,- 
E 4.  Xylanase + Cellulase !" 40 ())* 0V
 3 	" 
5.  Termamyl !" 70 ())* 0V
 3 	" 
6.  AMG !" 37 ())* 0V
 3 	" 
F 1.  Xylanase + Pullulanase !" 40 ())* 0V
 3 	" 
2.  Termamyl !" 70 ())* 0V
 3 	" 
3.  AMG !" 37 ())* 0V
 3 	" 
G 1.  Xylanase + Cellulase + Pullulanase !" 40 ())*               
0V
 3 	" 
2.  Termamyl !" 70 ())* 0V
 3 	" 
3.  AMG !" 37 ())* 0V
 3 	" 
H 1.  Cellulase + Pullulanase !" 40 ())* 0V
 3 	" 
2.  Termamyl !" 70 ())* 0V
 3 	" 
3.  AMG !" 37 ())* 0V
 3 	" 
 
 3.2.5  กกMRHP(ก,- Cellulase & Amyloglucosidase 
 !,ก(Wก_ก!,

)/ 	-ก0$ reducing sugar 2./ Bernfield 
method I"./ก-ก
)/ (Wก_!"#$%& 30, 40, 50, 60, 70, 80 . 90 ())* 

)/ Cellulase 1
 citrate buffer pH 4.8 .
)/ Amyloglucosidase 1
 citrate-
phosphate buffer pH 5.0 -ก
	 
./0$0

)/ I"./ specific activity 

)/1
.#$%& 
 
 3.2.6  กก	HIก,-P!.MRHP 60 - -$ & 
$$N!ก!,- Amyloglucosidase !%ก. ! reducing sugar 
 กก	
 
 250   
!"#$%& 70 ())*  12 
	" 0 16% 
 ,!" 2mM CaCl2 
,กก	
1
&#$%& 90 ())* 0V
 1 
	" #ก!0V
 5 #ก! #ก!!" A-B 0V
ก
)/*
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	 

 .#ก!!" C-E 0V
ก
)/	 

 
,0!"Z 200 rpm 
#$%& 60 ())* 
,	!"0	0$
 , reducing !" 3 . 6 	" 
0!ก	##  0$กก	
!"ก
)/   
 
! 4 *	 

ก
)/	 

 .*	 

 1
กกก	
0$
16% 
)/*&" .
)/*&h* !,
ก	
)/Amyloglucosidase 
+M#ก#  N!ก!,-  (+)(ก$%$ 
Control -
)/ 6 	" 
A -
)/ Cellulase 
-
)/ Amyloglucosidase 
3 	" 
3 	" 
B -
)/ Cellulase + Pullulanase 
-
)/ Amyloglucosidase 
3 	" 
3 	" 
C -
)/ Amyloglucosidase 6 	" 
D -
)/ Cellulase .Amyloglucosidase 6 	" 
E -
)/ Cellulase + Pullulanase .Amyloglucosidase 6 	" 
 
3.3 ก!$+UN$!$I	M Saccharomyces cerevisiae L3109  
3.3.1 กกMRHP(กXY$!$I	M S. cerevisiae L3109  
    YM )W"0.ก glucose 10 ก	 peptone 5 ก	 malt extract 3 ก	 
. yeast extract 3 ก	 -ก
	 

 ,10 1  .*
h*!	 1ก	
 !,1
0(-ก  
W"n !"#$%& 121ºC 	
 15 0
/
  0V
 15 
! -ก
	 
(Wก_
#$%&!".ก-p*/  !"
 106 )/  -ก
	 

,0!"
#$%& 15, 20, 25, 30 . 35 ())* !"Z 200 rpm .กZ	./!#ก 2 	" 
0V
 72 	" 	ก-p*/-*ก&ก
*!""
 660 

 
ก&ก
*!"I"W 
-.0h	
ก	0$)/*/!"I"W 
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 3.3.2 กก% pH (กXY$!$I	M S. cerevisiae L3109 
    YM (Wก_ pH !".ก-p*/ !" pH 2.5, 3.0, 3.5, 4.0, 
4.5 . 5.0 !,ก0	 pH  1N HCl -ก
	 
 !"
 106 )/  
,0!"
#$%& 30 ())* !"Z 200 rpm .กZ	./!#ก 2 	" 0V
 72 	" 
	ก-p*/-*ก&ก
*!""
 660 

 ก&ก
*!"
I"W 
-.0h	
ก	0$)/*/!"I"W 
 
 
3.4 ก#ก$%$&'(กก #&)*#$(+),- & +%$  $  
 3.4.1 กก.  Polyethylene glycol (PEG4000) &  Dimethyl sulfoxide (DMSO) !%ก
. ! reducing sugar 
 กก	
 
 250   
!"#$%& 70 ())*  12 
	" 0 16% 
 ,!" 2mM CaCl2   PEG4000 . DMSO !"
 0%, 2.5%, 5.0%, 
7.5% . 10.0%  -ก
	 

)/ Cellulase:Pullulanase: Amyloglucosidase (0.1:1:1) 
,0!"
Z 200 rpm #$%& 60 ())* 0V
 6 	" 
,	!"0	0$ reducing 
sugar !" 3 . 6 	"0!ก	##  กก	
!"ก PEG4000 . DMSO 

)/ .กก	
!"ก PEG4000 . DMSO 
)/ (Control) 
 
 3.4.2 กกcI!%-   PEG &  DMSO ($!$I	M L3109 
  YM !"0$ก&* 10% -ก
	 
 PEG400, PEG600, PEG2000, PEG4000, 
PEG6000 . DMSO !"
 0%, 2.5%, 5.0%, 7.5% . 10.0% 
W"n !"#$%& 121ºC 	
 
15 0
/
  0V
 15 
! (Wก_ก-p*/  !"
 5% -ก
	 

,0
!"#$%& 30 ())* !"Z 200 rpm .กZ	./!" 0, 6, 12, 18, 24, 32, 
40, 48, 60 . 72 	" 	ก-p*/-*ก&ก
*!""
 660 


 0!ก	##   YM !" PEG . DMSO  
 
 3.4.3 กก& %Xก PEG &  DMSO (กXY$!$I	M L3109 
  YM !"
 ,ก&* -ก
	 
 PEG400, PEG600, PEG2000, PEG4000, 
PEG6000 . DMSO !"
 0%, 2.5%, 5.0%, 7.5% . 10.0% 
W"n !"#$%& 121ºC 	
 
 
 
 
 
 
 
 
 
 20 
15 0
/
  0V
 15 
! (Wก_ก-p*/  !"
 5% -ก
	 

,0
!"#$%& 30 ())* !"Z 200 rpm .กZ	./!" 0, 24 . 48 	" 
	ก-p*/-*ก&ก
*!""
 660 

 0!ก	#
#   YM !"
 ,ก&* ก	 YM !"
 ,ก&* . PEG 
 DMSO 
 
 3.4.4 กก+# & R PEG !%ก. ! reducing sugar 
 กก	
 
 250   
!"#$%& 70 ())*  12 
	" 0 16% 
 ,!" 2mM CaCl2   PEG .
  PEG200, PEG400, PEG600, PEG1000, 
PEG2000, PEG4000 . PEG6000 !"
 0%, 10%, 20%, 30%, 40%, 50% . 60%  -ก
	 


)/ Cellulase:Pullulanase: Amyloglucosidase (0.1:1:1) 
,0!"Z 200 rpm #$%& 60 
())* 0V
 6 	" 
,	!"0	0$ reducing sugar 0 !ก	#
#  กก	
!"กPEG    
 
 3.4.5 กกกXY$!$I	M L3109 *#$(+)  $,#)Xกก. ! reducing sugar 
Xก+# & R PEG 
 กก	
 
 250  0 16% 
 ,!" 2mM CaCl2   PEG .

  PEG1000, PEG2000, PEG4000 . PEG6000 !"
 0%, 5.0%, 10.0%, 15.0%, 20.0%, 
25.0%, 30.0% . 35.0%  -ก
	 

)/ Cellulase:Pullulanase: Amyloglucosidase (0.1:1:1) 
,0
!"Z 200 rpm #$%& 60 ())* 0V
 6 	" -ก
	 
 centrifuge 	I"ก
*
!"0V
 I"
,(Wก_ก-p*/ 1
*& basal medium )W"0.ก 
yeast extract 0.25%, peptone 0.5%, KH2PO4 0.1%, MgSO4.7H2O 0.03% . NH4Cl 0.2%  
W"n !"
#$%& 121ºC 	
 15 0
/
  0V
 15 
! (Wก_ก-p*/  !"

 5% -ก
	 

,0!"#$%& 30 ())* !"Z 200 rpm .กZ	./!"
 0, 6, 12, 18, 24, 32, 40, 48, 60 . 72 	" 	ก-p*/-*ก&ก
*!"
"
 660 

 0!ก	##   basal medium !"
 ,ก&* 
10%   
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 3.4.6 กกก. ! Xก$!$I	M L3109 *#$(+)  $,#)Xกก. ! 
reducing sugar Xก+# & R PEG & RN!  Reducing (+), 
 กก	
 
 250  0 16% 
 ,!" 2mM CaCl2   PEG .

  PEG1000, PEG2000, PEG4000 . PEG6000 !"
 0%, 5.0%, 10.0%, 15.0%, 20.0%, 
25.0%, 30.0% . 35.0%  -ก
	 

)/ Cellulase:Pullulanase: Amyloglucosidase (0.1:1:1) 
,0
!"Z 200 rpm #$%& 60 ())* 0V
 6 	" -ก
	 
 centrifuge 	I"ก
*
!"0V
 I"
,(Wก_กh!
*/ 1
*& basal medium )W"0.ก 
yeast extract 0.25%, peptone 0.5%, KH2PO4 0.1%, MgSO4.7H2O 0.03% . NH4Cl 0.2%  
W"n !"
#$%& 121ºC 	
 15 0
/
  0V
 15 
!  !"
 5% -ก
	 

,0
!"#$%& 30 ())* !"Z 200 rpm .กZ	./!" 0, 24. 48 	" 
	0$!
" Gas Chromatography (GC) .	0$
 , reducing !"10 
0!ก	##   basal medium !"
 ,ก&* .
 ,ก&* 10%   
 
3.5 กกกXY & ก. !  Xก$!$I	M L3109 (dก # 5  !  
 กก	
 
 250  0 16% 
 ,!" 2mM CaCl2   PEG4000 !"

 15.0%  -ก
	 

)/ Cellulase:Pullulanase: Amyloglucosidase (0.1:1:1) 
,0ก
!"
Z 180 rpm #$%& 60 ())* 0V
 6 	" -ก
	 
 centrifuge 	I"ก*
!"0V

 I"10V
/
 -ก
	 
*& basal medium )W"0.ก yeast extract 
0.25%, peptone 0.5%, KH2PO4 0.1%, MgSO4.7H2O 0.03% . NH4Cl 0.2%  
W"n !"#$%& 121ºC 
	
 15 0
/
  0V
 30 
!  !"
 5% -ก
	 

,0!"#$%& 30 
())* !"Z 200 rpm .กZ	./!" 0, 6, 12, 18, 24, 30, 36, 42 . 48 	" 
	ก-p*/-*ก&ก
*!""
 660 

 	0$
 , 
reducing !"10 .0$!
" Gas Chromatography (GC)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 4 
ก
ก
 
 
4.1  ก

ก
ก
ก 
 
ก	
กก ก  ! "# 4 %	&ก	
&'&กก!
(!) ** 40.16% 0 ก! !ก	1
0	23
 "#
(!) (starch carbohydrate) !0	23
 "#2&&!) (non-starch carbohydrate) 
กCD 70.09% ก	10	23
 "
& D
(!&	
	
GH#2  0 I&ก	ก&ก
("กC0 G
(00ก!2  
 
!

 5 ! ก	#
กก! (% ก!) 
ก
 ก
 (% % 
ก&') 
1) G (moisture) 13.17% 
2) 
D (ash) 3.08% 
3) 0" (protein) 0.45% 
4) 21 (fat) 0.33% 
5) 0	23
 " (carbohydrate) 67.79% 
  5.1) !) (starch) 40.16% 
    5.1.1) 20 (amylose) 6.63% 
    5.1.2) 20
T" (amylopectin) 33.53% 
  5.2) " reduce (reducing sugar)  0.46% 
6) 
 (fiber) 15.18% 
   6.1) 
C0 (cellulose) 8.87% 
   6.2) ก (acid insoluble lignin) 5.88% 
   6.3) 
3
C0 (hemicellulose) 0.43% 
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4.2  ก
*ก
+,+&-.ก
ก 
*&'/*+.0'12 
 4.2.1 ก
ก

''ก
ก
.ก
! Reducing sugar /*+.0'12 
Termamyl & Amyloglucosidase 
 กกVกW
111กก#
กI" Reducing sugar 0 *กก 
4-24% !& 
2 Termamyl ! Amyloglucosidase " 	  ! C# 1 !"# ก1 
([Iก ก) %	&
111กก#& yield #CH C&# 4% w/v !"&
111 Reducing 
sugar #2 C&# 24.116 g/l 2&
%%"&ก2	กก
%GกI"
# !
G
*1
2#	กI" Reducing sugar 
	
#	ก	H ก# #*1
กก#*C %	&
11#
1 Reducing sugar 2 กก&กก#
11 
16% w/v *1 Reducing sugar C&# 90.771 g/l !
G
	
#	 Reducing sugar #2 กก
&กก#
11 4% w/v %	& กก#
11 16 g/l  Reducing sugar Cก&D 3.76 
#& 
0 
2*#
#&ก &#
111กก 20 ! 24 % w/v  %	& กกกW*
	 2&
(1
 !#กกG
1&
ก กI
(
G
 ก2 ก 2&
	ก
I" 

D Reducing sugar
0
20
40
60
80
100
120
4 8 12 16 20 24
ก
ก&' (g) / 100 ml



D 
re
du
cin
g s
ug
ar
 (g
/l)
Ter+AMG
DI(Control)
 
Ter = Termamyl  AMG = Amyloglucosidase 
G 1 ! * reducing sugar #2 กก&กก* 4%, 8%, 12%, 16%, 20%  ! 24% 0 

2 Termamyl ! Amyloglucosidase " 	 
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 4.2.2  ก
ก
 CaCl2 & Acetate buffer pH 5.0 !,ก
 

12 Termamyl, 
Amyloglucosidase &Amylase 
 IกVกWI1 2mM CaCl2 ! acetate buffer pH 5.0  "&#h[%ก#1
2 
Termamyl, Amyloglucosidase !Amylase %	& 2 mM CaCl2 I&ก#1
2 0  2mM 
CaCl2 #
" Iก
%#h[%ก#1
2 Termamyl ! Amyloglucosidase 
!"&2&I"&ก#1
2 Amylase & 2mM CaCl2 #
" acetate buffer pH 5.0 I"&ก
#1
2 Amyloglucosidase 
iก !"&2&I"&ก
%#h[%ก#1
2 
Termamyl !Amylase 
G
#	ก	 & acetate buffer pH 5.0 2&I"&ก
%#h[%ก
#1
2 Termamyl, Amyloglucosidase !Amylase  ! C# 2 !"# ก2 
([Iก ก) 
 
AMG = Amyloglucosidase 300L = Amylase AG300L 
G 2 ! * reducing sugar #2 กก& 0.1% amylopectin 0 
2 Termamyl, 
Amyloglucosidase ! Amylase 
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 4.2.3  ก
ก
++ CaCl2 !,PQ
R.ก
! Reducing sugar 12 
Xylanase, Hemicellulase, Cellulase & Pullulanase 
 กกVกW
	
#	ก
" 2mM CaCl2 !2&
" 2mM CaCl2 "& #h[% ก
#1
2 Xylanase, Hemicellulase, Cellulase ! Pullulanase !#&ก	
2 
Termamyl ! Amyloglucosidase " 	 %	& 2mM CaCl2  Iก
%#h[% กI" 
reducing sugar 1
2 Xylanase, Hemicellulase, Cellulase ! Pullulanase 0 
G
	
#	ก2&

"2mM CaCl2 !
"2mM CaCl2 
ก&กก#
 3 0 %	& 
2 Cellulase (H 
D1,D2) *" reducing C#H G 65.046 !69.534 g/l " 	 ก
"
2 
Termamyl !&กก"&
(
 3 0 %	& 
2 Cellulase (H D1,D2) *" 
reducing(g/l)C#H G 80.647 !82.398 " 	 ก
"
2 Amyloglucosidase !&กก
"&
(
 3 0 %	& 
2 Pullulanase (H E1,E2)  *" reducing C#H G 
109.892 !131.546 g/l " 	  ! C# 5-8 !"# ก3 ([Iก ก) !ก#1

2!"& ก&
(
 3 0!ก %	&
2 Xylanase (H B2)  !Hemicellulase 
(H C2) *" reducing #ก & 1.870 !0.956 g/l " 	 &
2 Cellulase 
(H D2)  !Pullulanase (H E2) *" reducing #Cก& 0 & 43.459 ! 12.858 g/l  
" 	 !
G
"
2 Termamyl ! Amyloglucosidase D
%*" reducing #ก
1 
G
	
#	ก	2&
"
2# 2   &
 3 0!ก 0 & yield #
%1 1
2 
Xylanase, Hemicellulase, Cellulase ! Pullulanase G 76.761, 73.891, 27.827 !69.358 g/l " 	  
! C# 3-4 !"# ก3 ([Iก ก) 
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
D Reducing sugar
0
20
40
60
80
100
120
Control A1 B1 C1 D1 E1



D 
re
du
cin
g s
ug
ar
 (g
/l) 3h
6h
9h
 
G 3 ! * reducing sugar #2 กก&กก*16% 0 
2 Xylanase, 
Hemicellulase, Cellulase ! Pullulanase 0 2&
" 2mM CaCl2 !#&ก	
2 Termamyl ! 
Amyloglucosidase " 	 
 

D Reducing sugar
0
20
40
60
80
100
120
140
Control A2 B2 C2 D2 E2



D 
re
du
cin
g s
ug
ar
 (g
/l)
3h
6h
9h
 
G 4 ! * reducing sugar #2 กก&กก*16% 0 
2 Xylanase, 
Hemicellulase, Cellulase ! Pullulanase 0 
" CaCl2 !#&ก	
2 Termamyl ! 
Amyloglucosidase " 	 
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
D Reducing sugar
0
20
40
60
80
100
120
140
3h 6h 9h
Xylanase



D 
re
du
cin
g s
ug
a (
g/l
)
B1
B2
G 5 ! ก
	
#	I1 CaCl2 "&ก#1
2 Xylanase !#&ก	
2 
Termamyl ! Amyloglucosidase " 	 
 

D Reducing sugar
0
20
40
60
80
100
120
140
3h 6h 9h
Hemicellulase



D 
re
du
cin
g s
ug
ar
 (g
/l) C1
C2
 
G 6 ! ก
	
#	I1 CaCl2 "&ก#1
2 Hemicellulase !#&ก	

2 Termamyl ! Amyloglucosidase " 	 
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
D Reducing sugar
0
20
40
60
80
100
120
140
3h 6h 9h
Cellulase



D 
re
du
cin
g s
ug
ar
(g
/l)
D1
D2
 
G 7 ! ก
	
#	I1 CaCl2 "&ก#1
2 Cellulase !#&ก	
2 
Termamyl ! Amyloglucosidase " 	  
 

D Reducing sugar
0
20
40
60
80
100
120
140
3h 6h 9h
Pullulanase



D 
re
du
cin
g s
ug
ar
(g
/l)
E1
E2
 
G 8 ! ก
	
#	I1 CaCl2 "&ก#1
2 Pullulanase !#&ก	
2 
Termamyl ! Amyloglucosidase " 	 
 
 
 
 
 
 
 
 
 
 
 29 
 4.2.4  ก
ก
++PQ
R12G!*+ &12G! .ก
! 
Reducing sugar 12 Xylanase, Cellulase & Pullulanase  
 กกVกW
	
#	#h[%ก#1
2 Xylanase, Cellulase ! 
Pullulanase C"
  !C"I 0 #&ก	
2 Termamyl ! Amyloglucosidase %	& #

 3 0 
2C"I Xylanase:Cellulase:Pullulanase (G) *" reducig C#H  G 
77.513 g/l ก
G
"
2 Termamyl 
2C"I Xylanase:Cellulase:Pullulanase (G) ! 
Cellulase:Pullulanase(H) *" reducig #C G 88.526 !87.673 g/l " 	 
G
"
2 
Amyloglucosidase %	&
2 Cellulase (C), Pullulanase (D) !Cellulase:Pullulanase (H) *
" reducig #C G 109.130, 109.343 !106.075 g/l " 	  ! C# 9 !"# ก4 
([Iก ก)  
2C"I#
	กVกW G Cellulase:Pullulanase 0 #
&ก	 Amyloglucosidase 
%G#h[%กI"" reducig  1 
 

D Reducing sugar
0
20
40
60
80
100
120
Control A B C D E F G H



D 
re
du
cin
g s
ug
ar
 (g
/l)
3h
6h
9h
 
G 9 ! * reducing sugar #2 กก&กก*16% 0 
2C"
  !
2
C"I !
" CaCl2 0 #&ก	
2 Termamyl ! Amyloglucosidase " 	 
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4.2.5  ก
ก
YDQG
.ก
 

12 Cellulase &Amyloglucosidase 
 กกVกWH*[C#
ก#1
2 Cellulase !Amyloglucosidase %	&
H*[C#
 G 60 V

 0 & specific activity 
#&ก	 892.825 !317.050 
Unit/mgProtein " 	 H2 &&H*[C#ก&กก!		"
  G60 V


 
%G2กVกW"&2  ! C# 10 
 
Specific activity
0
200
400
600
800
1000
30 40 50 60 70 80 90
Temperature
Un
it/
m
gP
ro
tei
n
AMG
Cellulase
 
G 10 !  specific activity 1
2 Cellulase !Amyloglucosidase #H*[C 30, 40, 50, 60, 70, 
80 ! 90 V

  
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 4.2.6  ก
ก
PQ
Rก
 

12G!YDQG 60 
22+ &
++%!ก
!12 Amyloglucosidase !,ก
! reducing sugar 
 กกVกW
	
#	#h[%ก#1
2 Cellulase !Cellulase + Pullulanase 
0 #&ก	
2 Amyloglucosidase !		1"
  !!		1" %	&
GI&ก&
 
2	 6 0 *" reducing #2 &ก
ก 0 
2 Cellulase (A) !
Cellulase + Pullulanase (B)  #
"
2!		1" *" reducing 94.237 !98.910 
g/l " 	 !
G
	
#	ก	ก
"
2!		1"
 1
2 Cellulase (D) !
Cellulase + Pullulanase (E) *" reducing 93.285 !99.775 g/l " 	  ! C# 11
!"# ก5 ([Iก ก)  DH2 &D
"
2!		1"
 	ก&กก
  
 

D Reducing Sugar
0
20
40
60
80
100
120
Control A B C D E



D 
Re
du
cin
g S
ug
ar
 (g
/l)
3h
6h
 
G 11 ! * reducing sugar #2 กก&กก*16% 0 
2C"
  !

2C"I !
" CaCl2 0 #&ก	
2Amyloglucosidase 
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4.3 ก
!+0]%+!
+RPY Saccharomyces cerevisiae L3109  
4.3.1 ก
ก
YDQG
.ก
_`+!
+RPY S. cerevisiae L3109  
กกVกWH*[C#
ก
'1"%hH S. cerevisiae L3109 #H*[C 15, 
20, 25, 30 ! 35 V

 
(
 96 0 %	& "ก
'
%CH # H*[C 30 V


 !"ก
'"H #H*[C 15 V

  ! C# 12   
 
G 12  ! "ก
'
%1"%hH S. cerevisiae L3109 #H*[C 15- 35             
V

         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 33 
4.3.2 ก
ก
,
 pH 
.ก
_`+!
+RPY S. cerevisiae L3109  
กกVกW& pH #
ก
'1"%hH S. cerevisiae L3109 #  pH 2.5, 3.0, 
3.5, 4.0, 4.5 ! 5.0 0 	&#H*[C 30 V

 
(
 48 0 %	& "ก
'
%#

 G & pH 4.0-5.0  !#& pH 2.5 "%hH S. cerevisiae L3109 2&D
'2   ! 
C# 13    
 
G 13 ! "ก
'
%1"%hH S. cerevisiae L3109 #& pH 2.5-5.0          
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4.4 ก
*ก
+,+&-.ก
ก 
*&'/*+.0'12 &
0,+ 

+  
 4.4.1 ก
ก
 Polyethylene glycol (PEG4000) & Dimethyl sulfoxide (DMSO) !,ก

! reducing sugar 
 กกVกWI1PEG4000 %	&I"&ก#1 Cellulase:Pullulanase:Amyloglucosidase 
0 
GI&ก&	 6 0 D
%*1" reducing2   
G
#	ก	2&ก
"PEG 
#
11 2.5% !5.0% 0 *" reducing G 108.475 !106.874 g/l  " 	  
! C# 14 !"# 11 ([Iก 1) 
 

D Reducing sugar
0
20
40
60
80
100
120
0%PEG 2.5%PEG 5%PEG 7.5%PEG 10%PEG



D 
Re
du
cin
g s
ug
ar
 (g
/l)
Control
3h
6h
 
G 14 ! * reducing sugar #2 กก&กก*16% 0 
" PEG4000 #
11 
0%, 2.5%, 5.0%, 7.5% ! 10.0%  " 	 0 #&ก	
2C"I 
 
 กกVกWI1 DMSO %	&I"&ก#1 Cellulase:Pullulanase: Amyloglucosidase 
0 
GI&ก&	 6 0 D
%*1" reducing2   
G
#	ก	2&ก
"
DMSO #
11 2.5% !5.0% 0 *" reducing G 100.682 !107.362 g/l  " 	 
 ! C# 15 !"# 11 ([Iก 1) 
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
D Reducing sugar
0
20
40
60
80
100
120
0%DMSO 2.5%DMSO 5%DMSO 7.5%DMSO 10%DMSO



D 
Re
du
cin
g s
ug
ar
(g/
l)
Control
3h
6h
 
G 15 ! * reducing sugar #2 กก&กก*16% 0 
" DMSO #
11 
0%, 2.5%, 5.0%, 7.5% ! 10.0%  " 	 0 #&ก	
2C"I 
 
 4.4.2 ก
ก

hR!,2 PEG & DMSO .+!
+RPY S. cerevisiae L3109 
 กกVกW
(%W"&
1 PEG400, PEG600, PEG2000, PEG4000, PEG6000 ! 
DMSO #
11 0%, 2.5%, 5.0%, 7.5% ! 10.0% %	& PEG # 4   #
11 2.5-10.0% 2&

(%W"&
" 
G
	
#	ก	H 	H 0 &ก
'#ก
ก 0 &ก
'
C#H #
 18 0  ! C# 16-20 !
GVกWI1 DMSO "&ก
'1
" 
%	& DMSO #
11 2.5-5.0% 2&
(%W"&
 0 &ก
'ก
ก	H 	H 
!ก
'C#H #
 24 0 & DMSO #
11 7.5-10.0% %	&I"&

iก #
ก
'# 0 &ก
'C#H #
 40-48 0 !ก
'1

G
#	ก	H 
	H  ! C# 21  
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Growth
0
2
4
6
8
10
12
14
0h 6h 12h 18h 24h 32h 40h 48h 60h 72h
OD
66
0n
m
Control
2.5%PEG400
5.0%PEG400
7.5%PEG400
10.0%PEG400
 
G 16  ! ก
'1"%hH S. cerevisiae L3109 0 
"PEG400 #
11 0%, 2.5%, 
5.0%, 7.5% ! 10.0% 
 
Growth
0
2
4
6
8
10
12
14
0h 6h 12h 18h 24h 32h 40h 48h 60h 72h
OD
66
0n
m
Control
2.5%PEG600
5.0%PEG600
7.5%PEG600
10.0%PEG600
 
G 17 ! ก
'1"%hH S. cerevisiae L3109 0 
"PEG600 #
11 0%, 2.5%, 
5.0%, 7.5% ! 10.0% 
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Growth
0
2
4
6
8
10
12
14
0h 6h 12h 18h 24h 32h 40h 48h 60h 72h
OD
66
0n
m Control
2.5%PEG2000
5.0%PEG2000
7.5%PEG2000
10.0%PEG2000
 
G 18 ! ก
'1"%hH S. cerevisiae L3109 0 
"PEG2000 #
11 0%, 2.5%, 
5.0%, 7.5% ! 10.0% 
 
Growth
0
2
4
6
8
10
12
14
0h 6h 12h 18h 24h 32h 40h 48h 60h 72h
OD
66
0n
m
Control
2.5%PEG4000
5.0%PEG4000
7.5%PGE4000
10.0%PEG4000
 
G 19 ! ก
'1"%hH S. cerevisiae L3109 0 
"PEG4000 #
11 0%, 2.5%, 
5.0%, 7.5% ! 10.0% 
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Growth
0
2
4
6
8
10
12
14
0h 6h 12h 18h 24h 32h 40h 48h 60h 72h
OD
66
0n
m Control
2.5%PEG6000
5.0%PEG6000
7.5%PGE6000
10.0%PEG6000
 
G 20 ! ก
'1"%hH S. cerevisiae L3109 0 
"PEG6000 #
11 0%, 2.5%, 
5.0%, 7.5% ! 10.0% 
 
Growth
0
2
4
6
8
10
12
14
0h 6h 12h 18h 24h 32h 40h 48h 60h 72h
OD
66
0n
m
Control
2.5%DMSO
5.0%DMSO
7.5%DMSO
10.0%DMSO
 
G 21 ! ก
'1"%hH S. cerevisiae L3109 0 
"DMSO #
11 0%, 2.5%, 5.0%, 
7.5% ! 10.0% 
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 4.4.3 ก
ก
&,
_
ก PEG & DMSO .ก
_`+!
+RPY S. cerevisiae 
L3109 
 กกVกWก& %	&PEG ! DMSO #
11 2.5-10.0%  2&
(%W"&

" G
(%W 
Gก
(!&	 
%Gก
'1
" %	& 
# PEG ! DMSO 2&D
(!&1	
%G
"
ก ก
' #&ก
'1
"ก 
G
#	ก	H #ก
""กC0 1.0%  ! C# 22-27 
 
Growth
0
2
4
6
8
H2O 1.0%Glucose 2.5%PEG400 5.0%PEG400 7.5%PEG400 10.0%PEG400
Carbon Source
OD
 66
0 n
m 0 h
24 h
48 h
 
G 22 ! ก
'1"%hH S. cerevisiae L3109 0 
"PEG400 
(!&	 #

11 0%, 2.5%, 5.0%, 7.5% ! 10.0% 
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Growth
0
2
4
6
8
H2O 1.0%Glucose 2.5%PEG600 5.0%PEG600 7.5%PEG600 10.0%PEG600
Carbon Source
OD
 66
0 n
m 0 h
24 h
48 h
 
G 23 ! ก
'1"%hH S. cerevisiae L3109 0 
"PEG600 
(!&	 #

11 0%, 2.5%, 5.0%, 7.5% ! 10.0% 
 
Growth
0
2
4
6
8
H2O 1.0%Glucose 2.5%PEG2000 5.0%PEG2000 7.5%PGE2000 10.0%PEG2000
Carbon Source
OD
 66
0 n
m 0 h
24 h
48 h
 
G 24 ! ก
'1"%hH S. cerevisiae L3109 0 
"PEG2000 
(!&	 #

11 0%, 2.5%, 5.0%, 7.5% ! 10.0% 
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Growth 
0
2
4
6
8
H2O 1.0%Glucose 2.5%PEG4000 5.0%PEG4000 7.5%PEG4000 10.0%PEG4000
Carbon Source
OD
 66
0 n
m
0 h
24 h
48 h
 
G 25 ! ก
'1"%hH S. cerevisiae L3109 0 
"PEG4000 
(!&	 #

11 0%, 2.5%, 5.0%, 7.5% ! 10.0% 
 
Growth
0
2
4
6
8
H2O 1.0%Glucose 2.5%PEG6000 5.0%PEG6000 7.5%PEG6000 10.0%PEG6000
Carbon Source
OD
 66
0 n
m 0 h
24 h
48 h
 
G 26 ! ก
'1"%hH S. cerevisiae L3109 0 
"PEG6000 
(!&	 #

11 0%, 2.5%, 5.0%, 7.5% ! 10.0% 
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Growth
0
2
4
6
8
H2O 1.0%Glucose 2.5%DMSO 5.0%DMSO 7.5%DMSO 10.0%DMSO
Carbon Source
OD
 66
0 n
m 0 h
24 h
48 h
 
G 27 ! ก
'1"%hH S. cerevisiae L3109 0 
"DMSO 
(!&	 #

11 0%, 2.5%, 5.0%, 7.5% ! 10.0% 
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 4.4.4 ก
ก
0* &
D PEG !,ก
! reducing sugar 
 กกVกW !* PEG "&ก
%#h[%1
2กI"" reducing 
%	& PEG400 !PEG600 2&I"&ก
%#h[%1
2กI"" reducing 

Gก*" reducing #2 &" Gก
ก	H 	H G2&ก
"PEG !"&
GVกW
PEG2000 !PEG4000 %	& PEG # D
%#h[%1
2กI"" 
reducing 0 *" reducing C#H #
11 15% !D
%*" reducing
2 ก 
G
#	ก	H 	H  ! C# 28 !"# 12 ([Iก 1) 
 

D Reducing sugar
0
10
20
30
40
50
60
PEG400 PEG600 PGE2000 PGE4000



D 
Re
du
cin
g s
ug
ar 0%
2.50%
5.00%
7.50%
10.00%
12.50%
15.00%
 
G 28 ! * reducing sugar #2 กก&กก*16% 0 
" PEG400, PEG600, 
PEG2000 ! PEG4000 #
11 0%, 2.5%, 5.0%, 7.5%, 10.0%, 12.5% ! 15.0% " 	 0 
#&ก	
2C"I 
 
 4.4.5 ก
ก
0* &
D PEG !,ก
! reducing sugar (!,]) 
 กกVกWก&%	& PEG I"&ก
%#h[%1
2กI"" 
reducing VกW
%
"# !*1 PEG %	& PEG200 !PEG400 2&D
%
#h[%ก#1
2กI"" reducing !*" reducing "ก&
H #2&ก
" PEG &PEG600 D
%#h[%1
2กI"" reducing 2 
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iก 0 #
11 20% !30% D
%#h[%1
2กI"" reducing 
&#
11 10%, 40%, 50% !60% 2&D
%#h[%1
2กI"" 
reducing 2  0 *" reducing "ก&H #2&ก
"PEG &PEG1000, PEG2000 PEG4000 
!PEG6000 %	&D
%#h[%ก#1
2กI"" reducing 0 #

11 10%, 20% !30% *" reducing #C 0 
t%#
11 20% &*
" reducing C#H  0 & 139.942, 143.079, 141.970 !135.759 g/l " 	 &#
11 
40%, 50% !60% *" reducing #"ก 
G
#	ก	H #2&ก
" 
Gก* PEG 
#
11C #G 
%ก1 &I"&DกI
(
G

 ก1 ##h[%ก#1
2   ! C# 29                   
!"# 13 ([Iก 1) 
 

D Reducing sugar
0
50
100
150
200
PEG200 PEG400 PEG600 PEG1000 PEG2000 PEG4000 PEG6000



D 
Re
du
cin
g s
ug
ar
 (g
/l)
0%
10%
20%
30%
40%
50%
60%
 
G 29 ! * reducing sugar #2 กก&กก*16% 0 
" PEG200, PEG400, 
PEG600, PEG1000, PEG2000, PEG4000 ! PEG6000 #
11 0%, 10%, 20%, 30%, 40%, 50% ! 
60% " 	 0 #&ก	
2C"I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 4.4.6 ก
ก
0* &
D PEG !,ก
! reducing sugar (!,]) 
 กกVกWก& %	& PEG #
11 40-60% 2&D
%#h[%ก#
1
2กI"" reducing 2  !I"&กI"" reducing 0 &#"ก VกW

%
"&
11 5-35% 1 PEG !"&  %	& PEG200 ! PEG400 2&D
%
#h[%ก#1
2กI"" reducing 2  0 &#" &PEG600 &ก
I"" reducing 
%1
iก #
11 20-30% 
G
#	ก	H #2&ก
"PEG &
PEG1000, PEG2000, PEG4000 !PEG6000 I"&#h[%กI"" reducing 0 #

11 5-30% D
%#h[%กI"" reducing 2  0 *" reducing #C
ก&
11 15-25%  ! C# 30 !"# 14 ([Iก 1) 
   

D Reducing sugar
0
20
40
60
80
100
120
140
PEG200 PEG400 PEG600 PEG1000 PEG2000 PEG4000 PEG6000



D 
Re
du
cin
g s
ug
ar
 (g
/l)
0%
5%
10%
15%
20%
25%
30%
35%
 
G 30 ! * reducing sugar #2 กก&กก*16% 0 
" PEG200, PEG400, 
PEG600, PEG1000, PEG2000, PEG4000 ! PEG6000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 
25.0%, 30.0% ! 35.0% " 	 0 #&ก	
2C"I 
 
 
 
 
 
 
 
 
 
 
 
 
 46 
 4.4.7 ก
ก
ก
_`+!
+RPY S. cerevisiae L3109 /*+.0'

+1*'_
กก
! 
reducing sugar _
ก0* &
D PEG 
 กกVกWก
'1" C" basal medium #
"#2 กกI" 
reducing sugar ก  !*1 PEG %	&  
 PEG1000 #
11 5-25% &ก
'#ก
ก	H #2&
"PEG 0 #
11 20% 
&ก
'1
"C#H  #
11 30-35% &ก
'#"ก&H #2&
"PEG  
! C# 31 
 PEG2000 %	& #
11 5-25% &ก
'1
"Cก&H #2&
"PEG 0 #

11 15% &ก
'1
"C#H  #
11 30-35% &ก
'#"ก&H #
2&
"PEG  ! C# 32 
 PEG4000 %	& #
11 5-25% &ก
'1
"Cก&ก
G
#	ก	H #2&

"PEG 0 #
11 15% &ก
'1
"C#H  0 &ก
'ก
ก	H 
	H (basal medium #
""กC0 10%) #
11 30-35% &ก
'#"ก&H #2&
"
PEG  ! C# 33 
 PEG6000 %	& #
11 5-20% &ก
'1
"Cก&
G
#	ก	H #2&
"
PEG 0 #
11 15% &ก
'1
"C#H  0 &ก
'ก
ก	H 
	H (basal medium #
""กC0 10%) #
11 25-35% &ก
'#"ก&H #2&
"
PEG  ! C# 34 
 ก*
111 PEG #C ##2 กกI"" reducing 
G #ก D!&&*" reducing #Cก&#2&
" !"&ก
'1"ก	ก&H #
2&ก
" PEG 
GกG I"&กI !กก
(
G
 ก1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Growth
0
1
2
3
4
5
6
7
8
9
10
0 h 6 h 12 h 18 h 24 h 32 h 40 h 48 h 60 h 72 h
Time
OD
 0%PEG1000
5%PEG1000
10%PEG1000
15%PEG1000
20%PEG1000
25%PEG1000
30%PEG1000
35%PEG1000
Control 10%Glu
 
G 31 ! ก
'1"%hH S. cerevisiae L3109 0 #2 กกI" reducing 
sugar ก PEG1000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 35.0% 
 
Growth
0
1
2
3
4
5
6
7
8
9
10
0 h 6 h 12 h 18 h 24 h 32 h 40 h 48 h 60 h 72 h
Time
OD
 0%PEG2000
5%PEG2000
10%PEG2000
15%PEG2000
20%PEG2000
25%PEG2000
30%PEG2000
35%PEG2000
Control 10%Glu
 
G 32  ! ก
'1"%hH S. cerevisiae L3109 0 #2 กกI" reducing 
sugar ก PEG2000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 35.0% 
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Growth
0
1
2
3
4
5
6
7
8
9
10
0 h 6 h 12 h 18 h 24 h 32 h 40 h 48 h 60 h 72 h
Time
OD
0%PEG4000
5%PEG4000
10%PEG4000
15%PEG4000
20%PEG4000
25%PEG4000
30%PEG4000
35%PEG4000
Control 10%Glu
 
G 33  ! ก
'1"%hH S. cerevisiae L3109 0 #2 กกI" reducing 
sugar ก PEG4000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 35.0% 
 
Growth
0
1
2
3
4
5
6
7
8
9
10
0 h 6 h 12 h 18 h 24 h 32 h 40 h 48 h 60 h 72 h
Time
OD
 0%PEG6000
5%PEG6000
10%PEG6000
15%PEG6000
20%PEG6000
25%PEG6000
30%PEG6000
35%PEG6000
Control 10%Glu
 
G 34 ! ก
'1"%hH S. cerevisiae L3109 0 #2 กกI" reducing 
sugar ก PEG6000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 35.0% 
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 4.4.8 ก
ก
ก
!
_
ก+!
+RPY S. cerevisiae L3109 /*+.0'

+1*'_
ก
ก
! reducing sugar &
D reducing sugar ]_
กก
!
 _
ก0* &
D
 PEG  
 กกVกWกI"
#ก" %	& PEG1000 
11 15-25% *
##
C !
G
	
#	
กก %	& #
 24 0 *
##Cก&กก#

 48 0 #Hก
11  ! C# 35 !
GVกWD*" reducing #DCก2 
%	& #
11 0-20% "" reducing  #
 12 0 &#
11 25-35% "
" reducing  #
 18 0  ! C# 39 
 PEG2000 %	& 
11 15-25% *
##C !
G
	
#	
ก
ก %	& #
11 0-30% *
##C
Gก#
 24 0 &
11 35%
*
##C
Gก#
 48 0  ! C# 36 !
GVกWD*" 
reducing #DCก2 %	& #
11 0-15% "" reducing  #
 12 0 &#

11 20-35% "" reducing  #
 18 0  ! C# 40 
 PEG4000 %	& 
11 15-20% *
##C !
G
	
#	
ก
ก %	& #
11 0-5% *
##C
Gก#
 24 0 &
11 10-35%
*
##C
Gก#
 48 0  ! C# 37 !
GVกWD*" 
reducing #DCก2 %	& #
11 0-10% "" reducing  #
 12 0 &#

11 15-35% "" reducing  #
 18 0  ! C# 41 
 PEG6000 %	& 
11 15-20% *
##C !
G
	
#	
ก
ก %	& #
11 0-5% *
##C
Gก#
 24 0 &
11 10-35%
*
##C
Gก#
 48 0  ! C# 38 !
GVกWD*" 
reducing #DCก2 %	& #
11 0-10% "" reducing  #
 12 0 &#

11 15-35% "" reducing  #
 18 0  ! C# 42 
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
D

0
1
2
3
4
5
Control 0%PEG 5%PEG 10%PEG 15%PEG 20%PEG 25%PEG 30%PEG 35%PEG
PEG1000



D




 (%
v/v
)
24h
48h
 
G 35 ! *
# (%v/v) #2 ก"%hH S. cerevisiae L3109 0 #2 ก
กI" reducing sugar ก PEG1000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 
35.0% 
 

D

0
1
2
3
4
5
Control 0%PEG 5%PEG 10%PEG 15%PEG 20%PEG 25%PEG 30%PEG 35%PEG
PEG2000



D




 (%
v/v
)
24h
48h
 
G 36 ! *
# (%v/v) #2 ก"%hH S. cerevisiae L3109 0 #2 ก
กI" reducing sugar ก PEG2000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 
35.0% 
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
D

0
1
2
3
4
5
Control 0%PEG 5%PEG 10%PEG 15%PEG 20%PEG 25%PEG 30%PEG 35%PEG
PEG4000



D




 (%
v/v
)
24h
48h
 
G 37 ! *
# (%v/v) #2 ก"%hH S. cerevisiae L3109 0 #2 ก
กI" reducing sugar ก PEG4000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 
35.0% 
 

D

0
1
2
3
4
5
Control 0%PEG 5%PEG 10%PEG 15%PEG 20%PEG 25%PEG 30%PEG 35%PEG
PEG6000



D




 (%
v/v
)
24h
48h
 
G 38 ! *
# (%v/v) #2 ก"%hH S. cerevisiae L3109 0 #2 ก
กI" reducing sugar ก PEG6000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 
35.0% 
 
 
 
 
 
 
 
 
 52 

D Reducing sugar
0
20
40
60
80
100
120
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Time


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0%PEG1000
5%PEG1000
10%PEG1000
15%PEG1000
20%PEG1000
25%PEG1000
30%PEG1000
35%PEG1000
Control10%Glu
 
G 39 ! *" reducing #DCกก"%hH S. cerevisiae L3109 #2 ก
กI" reducing sugar ก PEG1000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 
35.0% 
 

D Reducimg sugar
0
20
40
60
80
100
120
0h 6h 12h 18h 24h 32h 42h 48h 60h 72h
Time



D 
re
du
cin
g s
ug
ar
0%PEG2000
5%PEG2000
10%PEG2000
15%PEG2000
20%PEG2000
25%PEG2000
30%PEG2000
35%PEG2000
Control10%Glu
 
G 40 ! *" reducing #DCกก"%hH S. cerevisiae L3109 #2 ก
กI" reducing sugar ก PEG2000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 
35.0% 
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
D Reducing sugar
0
20
40
60
80
100
120
140
0h 6h 12h 18h 24h 32h 42h 48h 60h 72h
Time



D 
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g s
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ar
0%PEG4000
5%PEG4000
10%PEG4000
15%PEG4000
20%PEG4000
25%PEG4000
30%PEG4000
35%PEG4000
Control10%Glu
 
G 41 ! *" reducing #DCกก"%hH S. cerevisiae L3109 #2 ก
กI" reducing sugar ก PEG4000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 
35.0% 
 

D Reducing sugar
0
20
40
60
80
100
120
140
0h 6h 12h 18h 24h 32h 42h 48h 60h 72h
Time



D 
re
du
cin
g s
ug
ar
0%PEG6000
5%PEG6000
10%PEG6000
15%PEG6000
20%PEG6000
25%PEg6000
30%PEG6000
35%PEG6000
Control10%Glu
 
G 42 ! *" reducing #DCกก"%hH S. cerevisiae L3109 #2 ก
กI" reducing sugar ก PEG6000 #
11 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 30.0% ! 
35.0% 
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4.5 ก
ก
ก
_` &ก
!
 _
ก+!
+RPY S. cerevisiae L3109 .jก 
* 5 !  
I1ก
' ก" !กI"
#1"%hH S. cerevisiae L3109 D
ก1  5 " #"#2 กก&กก#
" 15% w/v PEG 4000 !  C# 43 %	&
G
" S. cerevisiae L3109 
'& 
i!
1C& & stationary ก0# 12 &กI"
#

 ก0# 18 
Gก1 " 0 2 
111
#CH 
C&# 6.55 % v/v 
 
0
2
4
6
8
10
12
0 6 12 18 24 30 36 42 48
Time
OD660nm
EtOH(%v/v)
Reducing sugar(%w/v)
 
C# 43 ! ก
'1"%hH S. cerevisiae L3109 ( ), *
# %v/v( ) !
" reducing %w/v ( ) #2 กกI" reducing sugar ก PEG4000 #
11 
15% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 5 
	
กก 
 
 กกก	

 กก	ก
 reducing &'()*+), %Yield 0
1+ '( 16% 4กกก5(6(*78 4 pH ,(;<&ก5((*78 &=>, 
2 mM CaCl2 D,>Eก5((*78 6+E 2mM CaCl2 E
 ก&;<&
ก5((*78 Termamyl 4 Amyloglucosidase 4,*,,(ก5((*78 Amylase 
,> 2mM CaCl2 E acetate buffer pH 5.0 ,(ก5((*78 Amyloglucosidase 
Qก)(E 4,*,,(ก&;<&ก5((*78 Termamyl 4Amylase '(E=ก	=

 ,> acetate buffer pH 5.0 *,,(ก&;<&ก5((*78 Termamyl, 
Amyloglucosidase 4Amylase  
 กกกE=E=ก 2mM CaCl2 4*, 2mM CaCl2 ,( ;<& ก
5((*78 Xylanase, Hemicellulase, Cellulase 4 Pullulanase 4,>ก	=(*78 
Termamyl 4 Amyloglucosidase +	= &=>, 2mM CaCl2  ก&;<& ก 
reducing sugar 5((*78 Xylanase, Hemicellulase, Cellulase 4 Pullulanase 6+E'(E=E=ก*,
2mM CaCl2 42mM CaCl2 '(E,(E= 9 D	>6 &=>, (*78 Pullulanase )
 
reducing 01+ 6+E'(*, 2mM CaCl2 ),
 reducing 109.892 g/l  4'(ก 2mM 
CaCl2  X&
 reducing *+)X 131.546 g/l  
 กกกE=E=;<&ก5((*78 Xylanase, Cellulase 4 
Pullulanase 0+E> 40 6+E,>ก	=(*78 Termamyl 4 Amyloglucosidase &=>, 
(*78 Cellulase, Pullulanase 4Cellulase:Pullulanase )
 reducig 0 '( 109.130, 
109.343 4106.075 g/l +	= 4(1<0ก5((*78 '( 60 (77E 
 กกกE=E=;<&ก5((*78 Cellulase 4Cellulase + Pullulanase 
6+E,>ก	=(*78 Amyloglucosidase 4==5	
(+E> 44==(5	
( &=>,'(,กE,(E
+)>E(*78= 6 D	>6 
 reducing *+),ก)Eก	 6+E(*78 Cellulase 4
Cellulase + Pullulanase  (*784==(5	
( )
 reducing 94.237 498.910 g/l 
+	= 4'(E=E=ก	=ก(*784==5	
(+E>5((*78 Cellulase 4Cellulase + 
Pullulanase )
 reducing 93.285 499.775 g/l +	=  
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 กกก5( PEG 4 DMSO &=>,,(ก5( (*78
Cellulase:Pullulanase:Amyloglucosidase 6+EX&5(
 reducing*+)+ '(E=ก	=*,
ก PEG 4DMSO  4'(ก>c&,(785( PEG400, PEG600, PEG2000, PEG4000, 
PEG6000 4 DMSO >5)5) 0%, 2.5%, 5.0%, 7.5% 4 10.0% &=>, PEG 	
 4 D+ >
5)5) 2.5-10.0% *,>c&,(78E8 '(E=E=ก	=D1+>=1 6+E,กeก)E
ก	 6+E,กe01+> 18 D	>6 4,'(ก5( DMSO ,(กe5(78E8 &=>, 
DMSO >5)5) 2.5-5.0% *,>c&,(78 6+E),กeก)Eก	=D1+>=1 4
กe01+> 24 D	>6 ,> DMSO >5)5) 7.5-10.0% &=>,,(78Qก)(E )
กeD) 6+E,กe01+> 40-48 D	>6 4กe5(78)(E'(E=ก	=*,ก
 DMSO 4'( PEG 4DMSO c4,8=(&'(D)กe5(E8 &=>,E8*,X
	
(D+*D)*+)  
 กกกXD+ 4 PEG ,(ก&;<&5((*78ก
 
reducing 6+Eก PEG200, PEG400, PEG600, PEG1000, PEG2000, PEG4000 4 PEG6000 >
5)5) 0-60% &=>, PEG200 4 PEG400 *,X&;<&ก5((*78ก

 reducing 4E	)
 reducing ก>,D1+*,ก PEG ,> PEG600 X
&;<&5((*78ก
 reducing *+)Qก)(E 6+E>5)5) 20% )

 reducing 01+ '( 78.971 g/l  ,> PEG1000, PEG2000 PEG4000 4 PEG6000 &=>,X
&;<&ก5((*78ก
 reducing 0ก 6+E PEG1000 >5)5) 
20% )
 reducing 01+ '( 139.942 g/l ,> PEG2000 >5)5) 20% )

 reducing 01+ '( 143.097 g/l ,> PEG4000 >5)5) 20% )
 reducing 0
1+ '( 141.970 g/l 4 PEG6000 >5)5) 20% )
 reducing 01+ '( 135.759 g/l 
 กกกกe5(E8 (0 basal medium E*+)กก 
reducing sugar กD+ 45( PEG &=>, D1+PEG1000 >5)5) 5-25% ),กe
ก)Eก	=D1+*, PEG 6+E>5)5) 20% ),กe5(78E801+ ,> D1+
PEG2000 &=>, >5)5) 5-25% ),กe5(78E80ก>,D1+*, PEG 6+E>
5)5) 15% ),กe5(78E801+ ,> D1+PEG4000 &=>, >5)5) 5-25% ),ก
e5(78E80ก>,ก'(E=ก	=D1+*, PEG 6+E>5)5) 15% ),กe5(
78E801+ 6+E),กeก)Eก	=D1+>=1 (basal medium 
ก06 10%) 4 
D1+PEG6000 &=>, >5)5) 5-20% ),กe5(78E80ก>,'(E=ก	=D1+*, PEG 
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6+E>5)5) 15% ),กe5(78E801+ 6+E),กeก)Eก	=D1+>=1 
(basal medium 
ก06 10%)  
 กกกก((กE8 &=>, '(D) PEG1000 >5)5) 25% )(
(01+ '( 3.263 %v/v  > 24 D	>6 4'(กX
 reducing X0กD)* &=>, 
+> 18 D	>6  
 D1+PEG2000 &=>, >5)5) 25% )((01+ '( 4.359 %v/v  > 24 D	>6 
4'(กX
 reducing X0กD)* &=>, +> 18 D	>6  
 D1+PEG4000 &=>, >5)5) 15% )((01+ '( 4.925 %v/v  > 48 D	>6 
4'(กX
 reducing X0กD)* &=>, +> 18 D	>6  
 D1+PEG6000 &=>, >5)5) 20% )((01+ '( 4.326 %v/v  > 48 D	>6 
4'(กX
 reducing X0กD)* &=>, +> 18 D	>6  
กกกกe 4ก(( กE8E&	;18 S. cerevisiae L3109 X		ก 
5+ 5  X15(กe กD)
 4ก((5(E8E&	;18 S. 
cerevisiae L3109 X		ก5+ 5  
*+)กกE,(Eกก	 15% w/v PEG 4000 &=>,
D'
(E8 S. cerevisiae L3109 e(E,>+Q>45)0, D,> stationary 	กD	>6 12 ,>ก(
(+	กD	>6 18 '(ก5+
 6+E*+)>5)5)5((((01+
(E0, 6.55 % v/v 
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ก	
ก	กก !"# 
 
$	
%& ก1 	
 reducing sugar  %Yield  
กก
"#$"ก
ก	%& '"($&)	* Termamyl 
Amyloglucosidase 0
	1
%2 
Termamyl + AMG H2O (control) <กกก
 (g) / 100 ml 	@ reducing 
sugar (g/l) 
% Yield 	@ reducing 
sugar (g/l) 
% Yield 
4 24.116 60.290 0.030 0.075 
8 47.287 59.109 0.351 0.438 
12 64.840 54.033 0.669 0.557 
16 90.771 56.732 1.044 0.653 
20 96.713 48.356 1.897 0.948 
24 100.367 41.820 2.014 0.839 
 
$	
%& ก2 	
 reducing sugar  
กก
"#$" 0.1% amylopectin '"($&)	* Termamyl, 
Amyloglucosidase  Amylase 
	@ Reducing sugar (g/l) Solution 
Termamyl AMG 300L 
H2O 11.956 20.829 21.177 
2mM CaCl2 in H2O pH 6.28 12.743 22.359 20.343 
Acetate buffer pH 5.0 11.284 19.972 20.876 
2mM CaCl2 in acetate buffer pH 5.0 11.330 21.084 20.621 
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$	
%& ก3 	
 reducing sugar  %Yield  
กก
("2("2GH$ CaCl2 0#$ก
"#$"ก
ก
	%&	
 16% '"($&)	* Xylanase Hemicellulase Cellulase Pullulanse 1

&#K	ก%2($&)	* 
Termamyl  Amyloglucosidase 0
	1
%2 
กก 16% 
H2O(กL1) H2O + 2mM CaCl2(กL2) 
Lก	
 
	@ reducing 
sugar (g/l) 
% Yield 	@ reducing 
sugar (g/l) 
% Yield 
3h     
Control 0.739 0.462 1.530 0.956 
A 1.530 0.956 1.530 0.956 
B 2.473 1.546 1.870 1.169 
C 0.389 0.243 0.956 0.597 
D 65.046 40.654 69.534 43.459 
E 15.727 9.829 20.574 12.858 
6h     
Control 1.598 0.999 1.870 1.169 
A 58.951 36.882 58.951 36.882 
B 59.044 36.903 65.461 40.913 
C 62.031 38.769 64.942 40.589 
D 80.647 50.405 82.398 51.499 
E 69.186 43.241 71.176 44.485 
9h     
Control 1.253 0.783 2.240 1.400 
A 101.517 63.448 101.517 63.448 
B 104.890 65.556 124.688 77.930 
C 104.890 65.556 119.181 74.488 
D 106.649 66.555 114.090 71.306 
E 109.892 68.682 131.546 82.216 
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$	
%& ก4 	
 reducing sugar %Yield  
กก
"#$"ก
ก	%&	
16% '"($&)	*O0
("K ($&)	*O0G	 (0	 CaCl2 '"1

&#K	ก%2($&)	* Termamyl  Amyloglucosidase 
0
	1
%2 
กก 16% Lก	
 
	@ reducing sugar (g/l) % Yield 
3h   
Control 1.268 0.793 
A 1.530 0.956 
B 1.137 0.710 
C 63.943 39.964 
D 15.666 9.791 
E 61.172 38.233 
F 22.558 14.099 
G 77.513 48.446 
H 73.037 45.648 
6h   
Control 1.790 1.119 
A 58.951 36.882 
B 50.586 31.161 
C 78.863 49.290 
D 67.211 42.007 
E 82.345 51.465 
F 70.764 44.227 
G 88.526 55.329 
H 87.673 54.796 
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$	
%& ก4 (0#$) 
กก 16% Lก	
 
	@ reducing sugar (g/l) % Yield 
9h   
Control 1.780 1.112 
A 101.517 63.448 
B 104.227 65.142 
C 109.130 68.206 
D 109.343 68.339 
E 99.538 62.211 
F 93.357 58.348 
G 104.156 65.098 
H 106.075 66.297 
 
$	
%& ก5 	
 reducing sugar %Yield  
กก
"#$"ก
ก	%&	
16% '"($&)	*O0
("K ($&)	*O0G	 '"1

&#K	ก%2($&)	*Amyloglucosidase 
กก 16% Enzyme 
	@ reducing sugar (g/l) % Yield 
3h   
Control 1.402 0.876 
A 56.334 35.209 
B 71.391 44.620 
C 86.708 54.193 
D 97.265 60.791 
E 99.948 62.468 
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$	
%& ก5 ($) 
กก 16% Enzyme 
	@ reducing sugar (g/l) % Yield 
6h   
Control 1.488 0.930 
A 94.237 58.898 
B 98.910 61.819 
C 87.883 54.896 
D 93.285 58.303 
E 99.775 62.359 
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ก T 
ก	
ก	กก !"# 	
 
 
$	
%& T1 	
 reducing sugar %Yield  
กก
(0	 PEG  DMSO UK
	(H	H& 0%, 
2.5%, 5.0%, 7.5%  10.0%  0
	1
%2 '"1

&#K	ก%2($&)	*O0G	 
กก 16% Sample 
	@ reducing sugar (g/l) % Yield 
Control   
H2O 0.096 0.602 
2.5%DMSO 1.308 0.818 
5.0%DMSO 1.531 0.957 
7.5%DMSO 1.436 0.898 
10%DMSO 1.091 0.682 
2.5%PEG 1.222 0.764 
5.0%PEG 1.586 0.992 
7.5%PEG 1.261 0.788 
10%PEG 1.358 0.849 
Sample 3h   
H2O 76.468 47.793 
2.5%DMSO 107.083 66.927 
5.0%DMSO 104.578 65.361 
7.5%DMSO 87.670 54.794 
10%DMSO 93.028 58.143 
2.5%PEG 106.109 66.318 
5.0%PEG 108.196 67.623 
7.5%PEG 83.913 52.446 
10%PEG 78.416 49.010 
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$	
%& T1 (0#$) 
กก 16% Sample 
	@ reducing sugar (g/l) % Yield 
Sample 6h   
H2O 95.881 59.926 
2.5%DMSO 100.682 62.926 
5.0%DMSO 107.362 67.101 
7.5%DMSO 94.698 59.186 
10%DMSO 83.287 52.054 
2.5%PEG 108.475 67.797 
5.0%PEG 106.874 66.797 
7.5%PEG 77.372 48.358 
10%PEG 93.932 58.708 
 
$	
%& T2 	
 reducing sugar %Yield  
กก
(0	 PEG400, PEG600, PEG2000  
PEG4000 UK
	(H	H& 0%, 2.5%, 5.0%, 7.5%, 10.0%, 12.5%  15.0% 0
	1
%2 '"1

&#K	ก%2
($&)	*O0G	 
กก 16% Sample 
	@ reducing sugar (g/l) % Yield 
0%PEG400 24.415 15.260 
2.5%PEG400 18.363 11.477 
5.0%PEG400 13.849 8.656 
7.5%PEG400 12.926 8.079 
10.0%PEG400 13.514 8.463 
12.5%PEG400 13.336 8.335 
15.0%PEG400 13.439 8.399 
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$	
%& T2 (0#$) 
กก 16% Sample 
	@ reducing sugar (g/l) % Yield 
0%PEG600 24.415 15.260 
2.5%PEG600 20.722 12.951 
5.0%PEG600 20.107 12.567 
7.5%PEG600 21.645 13.528 
10.0%PEG600 23.492 14.682 
12.5%PEG600 25.441 15.901 
15.0%PEG600 29.955 18.722 
0%PEG2000 24.415 15.260 
2.5%PEG2000 26.159 16.350 
5.0%PEG2000 29.545 18.465 
7.5%PEG2000 39.290 24.556 
10.0%PEG2000 43.701 27.313 
12.5%PEG2000 50.547 31.609 
15.0%PEG2000 55.601 34.751 
0%PEG4000 24.415 15.260 
2.5%PEG4000 32.007 20.004 
5.0%PEG4000 37.546 23.466 
7.5%PEG4000 44.214 27.634 
10.0%PEG4000 49.651 31.032 
12.5%PEG4000 52.524 32.827 
15.0%PEG4000 55.499 34.687 
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$	
%& T3 	
 reducing sugar %Yield  
กก
(0	 PEG200, PEG400, PEG600, 
PEG1000, PEG2000, PEG4000  PEG6000 UK
	(H	H& 0%, 10%, 20%, 30%, 40%, 50%  60% 
0
	1
%2 '"1

&#K	ก%2($&)	*O0G	 
กก 16% Sample 
	@ reducing sugar (g/l) % Yield 
0%PEG200 57.897 36.186 
10%PEG200 26.822 16.764 
20%PEG200 14.286 8.929 
30%PEG200 8.163 5.102 
40%PEG200 4.373 2.733 
50%PEG200 3.207 2.004 
60%PEG200 2.915 1.822 
0%PEG400 57.897 36.186 
10%PEG400 29.725 18.578 
20%PEG400 37.045 23.153 
30%PEG400 28.394 17.746 
40%PEG400 9.317 5.823 
50%PEG400 2.884 1.802 
60%PEG400 1.553 0.970 
0%PEG600 57.897 36.186 
10%PEG600 57.897 36.186 
20%PEG600 78.971 49.357 
30%PEG600 70.098 43.811 
40%PEG600 23.957 14.973 
50%PEG600 3.993 2.496 
60%PEG600 2.662 1.664 
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$	
%& T3 (0#$) 
กก 16% Sample 
	@ reducing sugar (g/l) % Yield 
0%PEG1000 57.897 36.186 
10%PEG1000 90.087 56.305 
20%PEG1000 139.942 87.464 
30%PEG1000 87.884 54.902 
40%PEG1000 13.994 8.746 
50%PEG1000 4.665 2.951 
60%PEG1000 3.499 2.187 
0%PEG2000 57.897 36.186 
10%PEG2000 103.150 64.469 
20%PEG2000 143.079 89.424 
30%PEG2000 97.161 60.725 
40%PEG2000 10.870 6.793 
50%PEG2000 6.744 4.215 
60%PEG2000 5.679 3.549 
0%PEG4000 57.897 36.186 
10%PEG4000 119.565 74.728 
20%PEG4000 141.970 88.731 
30%PEG4000 92.724 57.953 
40%PEG4000 12.866 8.041 
50%PEG4000 7.276 4.547 
60%PEG4000 5.590 3.494 
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$	
%& T3 (0#$) 
กก 16% Sample 
	@ reducing sugar (g/l) % Yield 
0%PEG6000 57.897 36.186 
10%PEG6000 120.896 75.560 
20%PEG6000 135.759 84.849 
30%PEG6000 92.502 57.814 
40%PEG6000 11.535 7.209 
50%PEG6000 6.921 4.326 
60%PEG6000 5.146 3.217 
 
$	
%& T4 	
 reducing sugar %Yield  
กก
(0	 PEG200, PEG400, PEG600, 
PEG1000, PEG2000, PEG4000  PEG6000 UK
	(H	H& 0%, 5.0%, 10.0%, 15.0%, 20.0%, 25.0%, 
30.0%  35.0%  0
	1
%2 '"1

&#K	ก%2($&)	*O0G	 
กก 16% Sample 
	@ reducing sugar (g/l) % Yield 
0%PEG200 50.110 31.319 
5%PEG200 27.846 17.404 
10%PEG200 17.967 11.229 
15%PEG200 12.460 7.787 
20%PEG200 9.321 5.826 
25%PEG200 4.602 2.877 
30%PEG200 4.373 2.733 
35%PEG200 3.596 2.247 
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$	
%& T4 (0#$) 
กก 16% Sample 
	@ reducing sugar (g/l) % Yield 
0%PEG400 50.110 31.319 
5%PEG400 29.776 18.610 
10%PEG400 26.538 16.587 
15%PEG400 27.754 17.346 
20%PEG400 29.431 18.394 
25%PEG400 28.775 17.984 
30%PEG400 25.766 16.104 
35%PEG400 17.154 10.721 
0%PEG600 50.110 31.319 
5%PEG600 37.861 23.663 
10%PEG600 38.753 24.220 
15%PEG600 47.389 29.618 
20%PEG600 56.484 35.302 
25%PEG600 60.976 38.110 
30%PEG600 54.477 34.048 
35%PEG600 34.918 21.824 
0%PEG1000 50.110 31.319 
5%PEG1000 51.495 32.184 
10%PEG1000 57.396 35.873 
15%PEG1000 78.411 49.007 
20%PEG1000 94.884 59.303 
25%PEG1000 94.091 58.807 
30%PEG1000 73.456 45.910 
35%PEG1000 33.987 21.242 
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$	
%& T4 (0#$) 
กก 16% Sample 
	@ reducing sugar (g/l) % Yield 
0%PEG2000 50.110 31.319 
5%PEG2000 60.653 37.908 
10%PEG2000 90.052 56.283 
15%PEG2000 117.344 73.340 
20%PEG2000 125.995 78.747 
25%PEG2000 123.222 77.013 
30%PEG2000 90.453 56.533 
35%PEG2000 36.131 22.582 
0%PEG4000 50.110 31.319 
5%PEG4000 82.128 51.330 
10%PEG4000 107.195 66.997 
15%PEG4000 130.596 81.622 
20%PEG4000 127.453 79.658 
25%PEG4000 120.492 75.308 
30%PEG4000 84.134 52.584 
35%PEG4000 44.580 27.863 
0%PEG6000 50.110 31.319 
5%PEG6000 82.593 51.620 
10%PEG6000 116.568 72.855 
15%PEG6000 121.209 75.755 
20%PEG6000 123.439 77.149 
25%PEG6000 122.089 76.305 
30%PEG6000 85.301 53.313 
35%PEG6000 54.973 34.358 
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